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STUDY RATIONALE
Discography is a puncture and contrast injection into the intervertebral disc. Its aim is to correlate clinical symptoms with imaging findings for the study of discs for which MRI findings are equivocal and confirming patients as discectomy candidates. A positive pain response involves pain consistent with the patient's symptoms, produced with low injection volume, which usually correlates with a visible disc rupture. Although, only disc rupture without concordant pain is considered a negative discography.
• Discography is usually performed as an additional confirmatory procedure after other imaging studies, such as x-rays and MRI, when doubtful if the origin of low back pain (LBP) is the intervertebral disc.
• This study evaluates the association between clinical risk factors and MRI findings with positive discography to identify patients for whom the diagnosis of LBP caused by discogenic disease could be achieved by less invasive procedures, such as clinical symptoms and MRI.
OBJECTIVES
To find out: (1) If MRI findings associated with positive discography in patients with lumbar discogenic pain are caused by degenerative disc disease (DDD)? (2) If clinical risk factors associated with positive discography in patients with lumbar discogenic pain are caused by DDD? (3) Another aim was to evaluate the resistance of the disc during the discography.
METHODS
Study design:
Retrospective cohort study.
Inclusion criteria:
• Patients with chronic LBP who did not respond to conservative medical treatment including physical therapy for 6 months.
• Intolerance to prolonged standing and sitting.
• No motor weakness, corresponding to a nerve root.
• Normal reflexes.
• DDD, with a black disc (low intensity in T2) on MRI.
• Discography on record. Procedure and imaging data for discography:
• Patients had ECG monitoring of pulsoximetry and blood pressure during the procedure. Intravenous antibiotic was administered 30 minutes before the procedure. Discography was performed as an outpatient procedure [1] .
• Patients were positioned prone on the image intensifier table, with lumbar asepsis, and placement of sterile drapes. The procedure required them to clearly understand questions that asked for the discography, and be able to respond clearly if the pain produced by the contrast medium intradiscal injection was exactly the same as their primary pain complaint (Fig 2) . (More details of the procedure and evaluation is provided in the Web Appendix)
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Discography assessment:
The following measurements were made:
• Visual analogue scale (VAS) for pain during the examination • Volume injected • Disc resistance (resistance versus no resistance)
Positive discography was defined as a reproduction of the patient's pain when the contrast medium was injected.
MRI assessment:
The following types of disc degeneration on MRI and subsequent relationship with the results of the discography were assessed:
• Normal disc 
Analysis:
• Descriptive analyses were performed using measures of central tendency and dispersion for continuous variables and proportions for categorical variables.
• To determine statistically significant differences in continuous variables the Student t-test or the nonparametric Wilcoxon rank sum (Mann-Whitney) were used when the assumption of normality was not fulfilled.
• To determine statistically significant differences in categorical variables, the chi-squared test or Fisher exact test was used when cell counts were less than 10.
• We calculated crude and adjusted odds ratios (ORs) and 95% confidence intervals (CI) examining the association between clinical factors and MRI findings with positive discography using logistic regression ( Table 1 ).
• All tests were two-tailed for a type I error (alpha error) of 0.05. • Sensitivity and specificity were reported from the univariate logistic regression models. Original research-Clinical and radiological association with positive lumbar discography (...) 
RESULTS
General demographics
• All discographies were performed on the lumbar spine between L3 and S1.
• A total of 33 discograms were performed in these 20 patients. One patient had 3 degenerate levels examined, 11 patients had 2 levels examined, and 8 had 1 level.
• Of 33 examinations performed, 14 were positive (42%) and 19 negative (58%). None of the normal discs on MRI, used as control, resulted in a painful response by the patient.
The average age of patients with positive discography was 40.7 years (range, 25-56 years) and for negative discography 43.1 years (range, 30-55 years).
Men had a positive discography rate of 43.5% versus 40% in women.
MRI findings associated with discography
The following are the OR and diagnostic characteristics (and their 95% CIs) evaluating the association between each MRI finding and positive discography. None of the associations were statistically significant: Table 2) .
MRI findings had very low sensitivities to identify patients with lumbar discogenic pain. The specificities of the findings: hernia, HIZ, and modic changes are high ( Table 3) .
Clinical factors associated with discography
• In the multivariate analysis, gender, age and involvement level were not significantly associated with positive discography.
• A history of surgery (OR = 3.3; 95% CI: 0.4-2.5), previous treatment (OR = 5.8; 95% CI: 0.4-85), and having more than four episodes of LBP (OR = 3.8; 95% CI: .08-14) were associated with a greater odds of positive discography; however, these were not statistically significant. VAS lumbar (OR adjusted = 0.6; 95% CI: 0.3-1.1); VAS leg (OR adjusted = 1; 95% CI = 0.8-1.2) and Oswestry score (OR adjusted = .9; 95% CI: 0.8-1) were used to assess the
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that is highly sensitive to differentiate between symptomatic and asymptomatic disc degeneration, but it is an invasive procedure.
• With respect to clinical factors-gender, age, and involvement level were not significantly associated with positive discography. On the other hand findings such as protruding discs, herniated discs, HIZ and modic changes on MRI, demonstrated stronger associations; however, these were not statistically significant (ie, 95% CIs included 1.0) probably because of the small sample size.
• A history of spine surgery and having more than four episodes of LBP were also more strongly associated with positive discography; however, these results were also not statistically significant likely due to lack of study power.
• Patients whose primary complaint was LBP linked with sciatica had the highest incidence of positive discography than patients with LBP alone, but this was not statistically significant. Many patients had no imaging findings to justify sciatica. We believe that this is because MRI is a "static" test, held in the supine position, which cannot identify occult disc herniation or annular ruptures as discography can.
• VAS and Oswestry scales were not associated with positive discography. • Carragee et al [2] published a study showing no statistical difference between patients having symptomatic and asymptomatic HIZ who underwent discography; However, there were questions of how a previously asymptomatic patient could relate 'reproducible' pain during the test, if they had never had pain before.
pain and loss of function of patients with LBP. None of these variables were significantly associated with positive discography (Figs 3-7) .
Disc resistance
The end point was evaluated as with or without resistance to the injection of dye into the disc. This study showed that patients with preserved disc resistance had a lower positivity test rate of 31.6%, which was statistically significant. It raises a possible hypothesis that even with radiographic disc degeneration, some discs still maintain their structural properties not requiring surgery (Fig 8) .
Injected volume in positive discography: 1.75 mL (1-3); negative discography: 2.18 mL (1.5-3); Disc resistance-with resistance: positive discography 6 (32%) and negative discography, 13 (68%) and P = .014. Without resistance: positive discography, 7 (50%) and negative discography, 7 (50%) and P > .05 (Table 4) .
DISCUSSION
There is growing evidence that the currently available techniques for the diagnosis of discogenic LBP are insufficiently accurate-this may explain some of the variability in outcomes of surgery for this important clinical problem. We have presented the results of 33 discographies of patients with chronic LBP, presumed to be discogenic in origin and compared them with MRI and clinical findings to elucidate data that could predict a positive discography 
CLINICAL RELEVANCE AND IMPACT
At present, discography remains a controversial test, with clinicians either for or against it. Some disadvantages are that it is examiner dependent, requiring that the injection effectively penetrates into the intervertebral disc (which makes it an expert-dependent procedure). In addition, the patient must have the mental clarity and collaboration to report if the pain produced with the injection of contrast is the same as his/her primary complaint. Furthermore, it is a painful and invasive test, may induce further disc degeneration, and may risk neurological injury and/or infection along with inevitable radiation exposure to physician and patient. We determined that there was no definitive clinical or radiological (MRI) correlation with positive discography in our sample of patients.
SUMMARY
Discography may still be relevant as a diagnostic test before surgery in patients with DDD for diagnosis of discogenic back pain, since there is no definitive clinical or radiological correlation with a positive outcome in this specific group of patients.
Schellhas et al [3] reported 87% agreement in patients with lumbar HIZ, which was similar to the present study.
• O'Neill and Kurgansky [4] showed in their study of pressure-controlled discography, a high incidence of true-positive when there was clinical correlation injecting the first few milliliters of contrast in the intervertebral disc. It is also important to rule out other causes of increased intradiscal pressure like posterior instrumentation (exclusion criterion). With all this in positive discography there is no need to inject more contrast in the disc that reproduces symptoms with small volumes of contrast. Meanwhile, in asymptomatic discs, it is important to inject a bit more contrast to confirm the test as a negative one.
• The end point was evaluated as with or without resistance to the injection of dye into the disc. This study showed that patients with preserved disc resistance had a lower test positivity rate of 31.7%, which is statistically significant. It suggests that even with radiographic disc degeneration, some discs still maintain their structural properties not requiring surgery.
Limitations
The primary limitation of this study is the small sample size. Several potential associations demonstrated wide CIs. In addition, the study design was not the most appropriate for evaluating the use of discography in the management of chronic LBP. The ideal design for evaluating the utility of discography would be to compare outcomes in patients who did and did not receive a discography. 
